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Abstract 
The objective of this study is to explore the associations between the fire causes and the influence factors that include provinces, months, 
hours, building types and places. The fire causes that are obtained from China fire statistics are composed of arson, electric, production, 
careless with fire, smoking, playing with fire, self-ignite, unknown and others. The results show that the tendency of fire causes of various 
provinces is different. Fires occurred in January and February is trend to be strongly associated with playing with fire. The difference of 
fire causes between night and daytime is obvious. It is clear that the daytime trend to be associated with smoking, careless with fire, 
production operation and playing with fire, while the night group trends to be associated with arson, unknown, others, electrical fire and 
self-ignite. It is shown that significant differences of fire causes exist among the building types and the places. Multi-storied buildings 
have close association with electrical fire. Personnel crowded places are trend to be associated with electrical fire while the vehicles are 
trend to be associated with self-ignite. Finally, the study highlights that correspondence analysis is an appropriate technique to explore the 
relationships among fire statistics data and can play a complementary role in analyzing fire data. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
Considering the fire statistics in China, we can observe that the proportion of the electrical fire is the largest in the 
immediate causes of fire [1-6]. Because of the diversity and complexity of the fire causes, it is quite necessary to accurately 
observe the association between influence factors and the fire causes.  
We have a question that what is the relationship between fire causes and influence factors? The problem is very 
important for restrain the fire from the source. It is a challenge to deep mining the relationships between fire causes and 
influence factors. China's fire statistical data give us the opportunity to obtain the information.  
Many studies about fire statistics have been conducted by scholars. The fatal unintentional dwelling fires investigated by 
Holborn et al. [7] and the results indicated that the main risk factors in dwelling fires are smoking, alcohol, agedness, 
sickness and the lack of fire detection alarm system. Hasofer et al. [8] researched the building fire based on the fire statistics 
from US National fire Incident Reporting System, and reported that the area of the fire origin can significantly influence the 
casualty levels. For example, fires originated in lounge, bedroom and kitchen tend to kill more people. The peak time of the 
fires is from midnight to noon and the worst areas are downtown and the major streets in the urban. 
 In China, many scholars have paid more attention to the fire statistics. According to the fire statistics from 1980 to 1994 
in China, Wang and Fan [9] reported the distribution of the property damage, fire accidents, and the general situation of the 
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cause of the fire. By carry out fire statistics, Yang et al. [10] found that electrical fire, improperly using fire, smoking and 
unsafe operation are the main causes of fires. Lu et al. [11] focused on the high-casualty fires and analyzed the relationships 
between the fatality and the influence factors by using a correspondence analysis (CA). 
Through the literature investigation, most of the previous research focuses on the cause of fire or the influence factors 
respectively. Few studies are concerned with the associations between influence factors and fire causes. If we can explore 
the associations between fire causes and influence factors, it will be useful for fire prevention. Suppose we are interested in 
the following questions: What are the similarities and differences among the nine fire causes and the five influence factors? 
What are the associations among them? And what are the laws among them? An accurate understanding of the relationship 
between fire causes and influence factors can help to prevent fire and quantification of the fire risk effectively. 
The statistics analysis has proven advantageous for fire data analysis [9-11]. By analyzing the fire statistical data, we can 
accurately obtain and master the law of fire. CA is a specialized method of multivariate statistical analysis [12]. It has two 
advantages for exploring the associations between fire causes and influence factors. First of all, CA applies multivariate 
analysis to the data with the simultaneous consideration of multiple categorical variables. The multivariate statistical nature 
of CA can expose the relationships that would not be discovered in a set of paired comparisons of variables [13]. The other 
one, CA can represent how the variables are associated, not merely that an association exists. The CA map contributes to 
realizing the structural relationships among the variable categories. Now it has been applied in many fields [12-15], 
however it has not yet been extensively used in fire statistics. 
The research purposes of the present work are as follows. The first purpose is to explore the relationship between the fire 
causes and influence factors. The second purpose is to explain the law of the causes with different influence factors. The 
third is to demonstrate that CA can provide a new perspective on exploring the information by analyzing fire statistics data. 
2. Data  
The data used in this paper is derived from China Fire Services (2006-2011) [1-6], which is the most official fire 
statistics that are available at present time. In China, all of the fire statistics are compiled by the Fire Service Bureau and the 
Ministry of Public Security and other individuals and communities are not allowed to do the statistics work therefore.  
In China Fire Services, eleven kinds of fire causes which include arson, electrical fire, production operation, careless 
with fire, smoking, playing with fire, self-ignite, thunderbolt fires, static, unknown and others are recorded. Considering that 
some statistics data are few or zero, these statistical data are merged into others. Finally, we left nine statistical items and the 
thunderbolt fires and the static items are merged into others. Here unknown means that by fire scene investigation and 
inquiring survey, no evidence can support or prove the fire causes. Self-ignite means that the combustible catch fire without 
direct contact with flame. Production operation means the fire occurs because of work-related tasks. Others mean that if the 
fire causes cannot be classified into any of the ten fire causes, the cause will be defined as others.  
In China Fire Services, twelve influence factors are recorded including places, industry category, provinces, economic 
types, region, months, fire management, ignition source, building types, hours, death toll and year. Due to the some data of 
economic types and death toll are very small, these data are not suitable for correspondence analysis. If we consider all the 
left ten influence factors, the content will be too much. Considering the importance and necessity among different influence 
factors, we finally selected five items that composed of months, hours, provinces, building types and places. The data of the 
months, hours and provinces are chosen from 2005 to 2010. While the data of building types and places are only four years 
(2007 to 2010) due to the change of the statistical method from 2007.  Here the building type is divided into four categories. 
Where multi-storied means that the buildings have several stories but the building height is not more than 24 m., and high-
rise is defined that the buildings have several stories but the height is more than 24 m. 
3. Methods 
CA is a kind of multivariate statistical analysis. The method of CA was complete discussed by Clausen [14]. In the 
following discussion, boldface capital letters denote matrices, boldface lowercase letters denote vectors, and lowercase italic 
letters denote scalars. CA seeks to find a low dimension contingency table to express the relationship between the line and 
the column. We define X denote the n p× rows-by-columns categorical data matrix displayed in the contingency table.  
Each row of X represents a point profile in p-dimensional space, and each column represents a point profile in n-
dimensional space. As the raw frequencies in the contingency table do not yield a meaningful interpretation of distances 
between row points and column points, the profiles of raw occurrences should convert to their frequency distributions. CA 
begins by transforming the frequencies in a classification into fractions. 
, with   '′= =P X 1 X1 1 P1 1                                                                        (1) 
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where 1’=(1, …,1)’, either n or p dimension vector, relying on the context. P is the correspondence matrix. And P is the 
probability density on the cells of X. The row sums of P are written into Dr, and n n× diagonal matrix.  
=diag( )rD r          =diag( )cD c                                                                      (2) 
where =r P1 , and the column sums of P are written into Dc, a p p× , matrix, and ′=c P 1  . In CA, r and c are called masses 
of the row and the column. 
The purpose of CA is to discover the distance between the row (or column) profiles. The centroid of the set of row 
variables in its space is c, the vector of column masses. The centroid of the set of column variables in its space is r, the 
vector of row masses. In order to carry out the analysis relative to the center of gravity, P is centered symmetrically by rows 
and columns, which can be expressed as ′−P rc , therefore, the origin corresponds to the average profile of both sets of 
points.One of the important steps is the singular value decomposition. 
( )1/2 1/2 μ− −′ ′− =D P rc D MD Nr c                                                                 (3) 
where M and N are diagonal matrices, ′ ′= =M M N N , and ( )k kμ ×D  is a diagonal matrices of singular 
values ,t1 kμ μ μ , with . 1 t kμ μ μ≥ ≥ ≥ ≥ . Thus the coordinates of the row and column points in k dimensions are 
given by the rows of  F and G. 
1/2 μ−=F D MDr  And 
1/2 μ−=G D MDc                                                              (4) 
Then the CA map can be obtained by plotting the point of F and G.  
After the CA map is established, the relationship among the row and column can be investigated. The row points that are 
close together demonstrate that they have similar profile across column, and the same reason for the column points. The row 
and column points cannot be compared directly due to that the distance are defined only within rows and columns. 
Fortunately, Hoffman and Franke [13] proposed that if the principal axes are initially defined, then the relative positioning 
of the row and column points could be defined within those principal axes, then the associations between the row points and 
the column points can be assessed by their relative positions within the principal axes. 
In order to easily explain CA map, some variables are defined. Inertia is a variable that signify the weighted sum of the 
squared chi-square distance between each profile and the average profile. The total inertia is defined as the weighted sum of 
the squared distances from both row and column points.  
2
-Inertia(Total) p r c r cij i j i ji j
=                                                               (5) 
The total inertia can be decomposed along the principal axes and expressed as the sum of eigenvalues.  
2
1 1
k k
Inertia(Total) t tt t
μ λ= =
= =
                                                                    (6) 
where each eigenvalues tλ indicates the weighted variance explained by the tth principal axis. 
The inertia of the ith row point is defined as:  
2r fi itt
                                                                                       (7) 
where fit  is the member of the matrix F, and ri  is the mass of the row point. Eq. (7) represents the contribution of the ith 
row point to the inertia. This definition is also suitable for the column.  
The inertia along the tth axis, tλ consists of weighted sum of squared distances to the origin of the displayed row (or 
column) points profiles. As to the row profile, this inertia can be expressed as: 
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2
t r fi iti
λ =                                                                                    (8) 
This definition is similar for the column. Thus, the inertia of the projections of the row points (or column) on each axis 
are represented by the corresponding eigenvalues.  
The absolute contribution of the ith row point to the tth principal axis can be defined as: 
2r fi it tλ                                                                                        (9) 
The relative contribution of the tth principal to the inertia of the ith row point is expressed as: 
 
2 2f fit itt                                                                                      (10) 
A relative contribution is equal to the cos2 of the angle θ  between the point and the tth principal axis and is a square 
correlation. The high-quality points should be given more attention while less focus should be placed on points that are not 
well explained by principal axes. 
4. Analysis and discussion 
4.1. Provinces and causes 
(a)     (b)  
Fig. 1 (a). CA map for provinces and the causes. (b) CA map for months and the causes. 
The analysis result for provinces and the fire causes is shown in Table 1. The first two dimensional axes with cumulative 
proportions of inertia reached 51% and 74%, respectively. Actually, if the cumulative inertia is large enough the two 
dimensional can convey most of the information of the contingency table. Higgs [15] proposed a commonly used regulation 
that the two dimensions retained represent >70% inertia in the market research fields. In this study, the rule is adopted and 
we take the cumulative >70% as the criterion. Thus, we can obtain the two dimensional CA map and the numerical 
summary of the provinces and causes which is shown in Fig.1 (a) and Table 1. In Table 1, the absolute contribution is 
shown in the column entitled “contribution”. The relative contributions of each point in the first two dimensional space are 
titled “Quality”. And all the tables shown follows are the same as these labels. Before carrying out the correspondence 
analysis, the significant test needs to be conducted. The calculation results of the significant level of the five influence 
factors all less than 0.5 which means the relevance between fire causes and influence factors are obvious.  
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Table 1. Decomposition of inertia among the hours and fire causes for the first two principles 
Item 
Provinces 
Quality Mass Inertia 
Axis I  Axis II  
Coordinate Contribution Coordinate Contribution 
Beijing .127 .050 .005 -.042 .000 -.257 .018 
Tianjin .564 .011 .001 .113 .001 .395 .009 
Hebei .400 .028 .002 -.010 .000 -.390 .023 
Shanxi .292 .030 .002 -.174 .003 -.296 .014 
Neimenggu .891 .051 .011 .546 .056 -.761 .160 
Liaoning .822 .056 .016 .852 .149 .431 .057 
Jilin .861 .083 .019 .816 .204 .300 .041 
Heilongjiang .407 .037 .007 .046 .000 -.634 .082 
Shanghai .904 .032 .007 -.769 .070 -.404 .029 
Jiangsu .826 .048 .005 -.534 .051 .269 .019 
Zhejiang .794 .029 .003 -.590 .036 -.064 .001 
Anhui .678 .038 .002 -.295 .012 -.262 .014 
Fujian .875 .026 .003 -.602 .034 .300 .013 
Jiangxi .646 .034 .003 .022 .000 .594 .066 
Shandong .939 .062 .004 .079 .001 .577 .112 
Henan .663 .027 .001 -.138 .002 .357 .018 
Hubei .614 .064 .006 -.435 .045 -.129 .006 
Hunan .573 .024 .003 -.457 .019 .203 .005 
Guangdong .955 .033 .006 -.763 .070 .385 .026 
Guangxi .459 .011 .002 -.470 .009 -.329 .007 
Hainan .540 .006 .001 -.125 .000 .667 .014 
Chongqing .645 .037 .004 -.471 .030 -.140 .004 
Sichuan .685 .042 .003 -.418 .027 .207 .010 
Guizhou .451 .006 .001 -.428 .004 -.119 .000 
Yunnan .292 .014 .001 .206 .002 -.305 .007 
Xizang .394 .001 .000 .405 .001 -.404 .001 
Shanxi2 .715 .035 .003 .214 .006 .521 .051 
Gansu .707 .011 .001 .568 .013 -.144 .001 
Qinghai .810 .009 .005 .888 .025 -1.117 .059 
Ningxia .884 .026 .011 1.145 .124 -.189 .005 
Xinjiang .734 .037 .006 .183 .005 -.794 .127 
Cause        
Arson .106 .034 .009 .328 .013 -.002 .000 
Electric .925 .273 .029 -.603 .364 -.037 .002 
Production operation .600 .050 .008 -.571 .060 -.096 .003 
Careless with fire .643 .244 .011 .286 .073 -.196 .051 
Smoking .685 .070 .018 .616 .097 -.613 .143 
Playing with fire .749 .064 .019 .700 .114 -.693 .166 
Self-ignite .528 .022 .004 -.547 .024 .327 .013 
Unknown .977 .109 .036 .722 .207 .984 .572 
Others .425 .135 .012 -.308 .047 .264 .051 
 
In the provinces and causes CA map, it is obvious that the provinces points have certain distribution law. Provinces with 
similar fire causes profiles have similar socioeconomic factors. The provinces close to each other have similar fire causes.  
586   Guohui Li et al. /  Procedia Engineering  62 ( 2013 )  581 – 591 
Now we analyze the relationship between the provinces and fire causes. Note that the fire causes of unknown and 
electrical fire are extreme in terms of their location on axis I (the highest or lowest values on axis I). Therefore, the direction 
of axis I can be defined by fire causes, and axis I separates electrical fire on the left from unknown cause on the right. We 
label axis I as a “fire cause” axis, which plays a decisive role in the subsequent analysis. In Table 1, electrical fire is the 
primary contributor to axis I, and unknown fire is the secondary. Thus the fire causes axis separates the fire causes from 
right to left. Most provinces are associated with electrical fire, production operation, self-ignite and others. By analyzing CA 
map and Table 2, the association between provinces and causes can be obtained: Ningxia, Qinghai, Liaoning, Jilin, Gansu, 
Neimenggu, Xizang, Heilongjiang, Xinjiang, Yunnan, Tianjin, Shanxi2, Shandong and Jiangxi tent to be associated with 
unknown, smoking, playing with fire, arson and careless with fire. Guangdong, Fujian, Shanghai, Zhejiang, Chongqing, 
Sichuan, Shanxi, Anhui, Guangxi, Guizhou, Beijing, Hebei, Hubei, Hunan, Jiangsu, Henan and Hainan tend to be associated 
with electrical fire, production operation, self-ignite and others. These developed provinces like Guangdong, Fujian, Jiangsu, 
Shanghai, Zhejiang and Chongqing have more close relationship with electrical fire, production operation and self-ignite.  
Compared to other methods, the qualitative or semi-qualitative results of CA are concise, clear and easily understand.   
4.2. Months and causes 
The analysis result of contingency table for months is shown in Table 2. The first two dimensional axes with cumulative 
proportions of inertia reached 87% and 98%, respectively. According to Table 2, the CA map is shown in Fig.1 (b). We can 
observe that playing with fire and production operation is extreme in terms of their location on axis I. Between these two 
fire causes 87% of axis I is accounted for. As a result, we label axis I as the cause axis. Then the association between fire 
causes can be obtained. February and January have more strong association with playing with fire than any other months.  
Months (March, April, May, October, November and December) trend to be associated with arson, careless with fire, 
unknown, smoking, electrical fire and others, while months (June, July, August and September) trend to be associated with 
self-ignite and production operation. 
Table 2. Decomposition of inertia among the months and fire causes for the first two principles 
Item 
Months 
Quality Mass Inertia 
Axis I  Axis II  
Coordinate Contribution Coordinate Contribution 
Jan .916 .117 .003 -.311 .041 .014 .000 
Feb .999 .127 .058 -1.276 .741 .127 .021 
Mar .983 .096 .002 .053 .001 -.384 .142 
Apr .942 .089 .003 .191 .012 -.421 .159 
May .937 .083 .002 .265 .021 -.135 .015 
Jun .829 .074 .003 .337 .030 .024 .000 
Jul .988 .060 .006 .431 .040 .690 .287 
Aug .994 .058 .005 .410 .035 .634 .235 
Sep .973 .055 .003 .368 .027 .370 .076 
Oct .897 .069 .001 .259 .016 -.021 .000 
Nov .919 .079 .002 .234 .016 -.253 .051 
Dec .926 .093 .002 .253 .021 -.123 .014 
Cause        
Arson .361 .034 .001 .050 .000 -.276 .026 
Electric .992 .273 .008 .219 .047 .382 .399 
Production operation .906 .050 .003 .403 .029 .076 .003 
Careless with fire .883 .244 .002 .057 .003 -.216 .114 
Smoking .923 .070 .003 .063 .001 -.615 .265 
Playing with fire 1.000 .064 .070 -1.980 .894 .199 .025 
Self-ignite .929 .022 .003 .482 .018 .653 .093 
Unknown .803 .109 .001 -.013 .000 -.261 .075 
Others .797 .135 .001 .128 .008 -.013 .000 
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Table 3. Decomposition of inertia among the hours and fire causes for the first two principles 
Item 
Hours 
Quality Mass Inertia 
Axis I  Axis II  
Coordinate Contribution Coordinate Contribution 
00~02 .951 .069 .003 -.575 .190 .242 .040 
02~04 .980 .053 .004 -.759 .254 -.344 .062 
04~06 .985 .042 .002 -.481 .081 -.549 .126 
06~08 .896 .045 .002 -.003 .000 -.646 .185 
08~10 .972 .072 .003 .250 .037 -.585 .245 
10~12 .914 .099 .002 .332 .091 -.264 .069 
12~14 .872 .104 .001 .282 .069 .132 .018 
14~16 .831 .113 .002 .263 .065 .178 .036 
16~18 .968 .103 .001 .261 .058 .083 .007 
18~20 .792 .112 .002 .117 .013 .310 .107 
20~22 .799 .107 .001 -.138 .017 .239 .060 
22~24 .974 .082 .002 -.427 .124 .235 .045 
Cause        
Arson .961 .034 .007 -1.292 .467 .111 .004 
Electric .791 .273 .003 -.126 .036 -.232 .146 
Production operation .855 .050 .003 .500 .104 -.530 .140 
Careless with fire .949 .244 .004 .340 .235 -.055 .007 
Smoking .870 .070 .001 .093 .005 .347 .083 
Playing with fire .985 .064 .007 .272 .039 .966 .591 
Self-ignite .777 .022 .000 -.066 .001 -.238 .012 
Unknown .977 .109 .002 -.321 .093 .107 .012 
Others .831 .135 .000 -.131 .019 .053 .004 
 
The relationship between months and fire causes is of great importance for fire prevention and management arrangement. 
From the results, the close association between playing with fire and January and February merit more attention. This 
phenomenon can be interpreted because of the Spring Festival. People enjoy themselves by light the fireworks, which can 
cause fires. Because of the scorching weather in July, August and September, these months trend to be associated with self-
ignite. According the CA map, the twelve months can be divided into two groups. The first group can be called late and 
early of the year including January, February, March, April, October, November and  December, the other group is the 
middle of the year including May, June, July, August and September. The months in each group have similar fire causes, 
while the two groups have some distinctions in terms of fire causes. 
 
Fig. 2. CA map for the hours and the causes. 
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4.3. Hours and causes 
Table 4. Decomposition of inertia among the building types and fire causes for the first two principles 
Item 
Building types 
Quality Mass Inertia 
Axis I  Axis II  
Coordinate Contribution Coordinate Contribution 
High-rise .629 .031 .003 .157 .006 -.904 .424 
Multi-storied .999 .463 .009 -.391 .532 .013 .001 
Single-storey 1.000 .498 .008 .348 .452 .076 .048 
Underground .629 .007 .003 .416 .010 -2.073 .527 
Cause        
Arson .440 .028 .001 .338 .024 -.131 .008 
Electric .996 .372 .005 -.325 .295 .064 .025 
Production operation .939 .069 .009 .930 .450 -.148 .025 
Careless with fire .891 .246 .001 .043 .003 .201 .164 
Smoking .875 .041 .001 -.129 .005 -.430 .125 
Playing with fire 1.000 .045 .001 .014 .000 -.742 .405 
Self-ignite .935 .011 .002 1.002 .082 .233 .010 
Unknown .977 .067 .002 -.321 .093 .107 .012 
Others .831 .122 .000 -.131 .019 .053 .004 
 
The analysis result of contingency table for hours is shown in Table 3. The first two dimensional axes with cumulative 
proportions of inertia reached 54.6% and 93%, respectively. The CA map is shown in Fig. 2. In Table 3, the contribution of 
arson is primary.  As a result, in the CA map, arson has significantly difference with other causes. According Table 3, axis I 
is defined by arson and production operation. These two causes are extreme in terms of their location on axis I. Then axis I 
can be defined as the causes axis and separates 00-02 on the left from 10-12 on the right. 
The results indicate that the hours can be divided into two groups: the day group (06~20) and the night group (20~06). 
Each group has the similar fire causes profile. It is clear that the day group trend to be associated with smoking, careless 
with fire, production operation and playing with fire, while the night group trend to be associated with arson, unknown, 
others, electrical fire and self-ignite. The reason for this discovery may be explained that people in the daytime mainly at 
work and keep normal life status. Some people want to smoke and many production operation need fire.  At night, most 
people are sleeping and so many fires occur without clear reasons. Some people may deliberately set fire when others are 
sleeping.  
4.4. Building types and causes 
The analysis result for building types and the fire causes is shown in Table 4. The first two dimensional axes with 
cumulative proportions of inertia reached 76.4% and 92.2% respectively. The CA map is shown in Fig. 3 (a). According 
Table 4, axis I is defined by electrical fire and self-ignite. These two causes are extreme in terms of their location on axis I. 
Then axis I can be defined as the causes axis and separates electrical fire on the left from self-ignite on the right. 
We can observe that the underground is relatively far from single-storey, multi-storied and the high-rise, which indicate 
that their cause profiles are different. Table 4 shows the contributions of both fire causes and the building types for the first 
two dimensions. And the main contributions of axis I are multi-storied, single-storey, production operation and electric. The 
association between causes and the building types are obvious. The underground trends to be associated with arson, 
unknown, production operation and self-ignite. The high-rise trends to be associated with playing with fire, careless with 
fire and arson. It is clear that single-storey trends to be associated with arson, careless with fire and unknown. From the CA 
map, we can obviously find that the multi-storied is so close to electrical fire which indicates a very strong relationship exist 
between them. In practical terms, most commercial establishments and entertainment sites are located in the multi-storied 
buildings. More attention should be paid on the relationship between multi-storied buildings and the electrical fire.  
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 (a)    (b)  
Fig. 3 (a). CA map for the building types and the causes. (b) CA map for the places types and the causes. 
Table 5. Decomposition of inertia among the places and fire causes for the first two principle 
Item 
Places 
Quality Mass Inertia 
Axis I  Axis II  
Coordinate Contribution Coordinate Contribution 
Dwelling .977 .343 .037 -.408 .129 -.309 .098 
Dormitory .904 .139 .011 -.351 .038 -.205 .017 
Office .318 .013 .004 .167 .001 -.519 .010 
School .121 .007 .000 -.068 .000 -.105 .000 
Commercial space .376 .052 .006 .057 .000 -.353 .019 
Hotel .500 .008 .001 -.088 .000 -.381 .003 
Restaurant  .498 .033 .030 -.778 .046 -.743 .055 
Hospital .237 .003 .001 .235 .000 -.272 .001 
Entertainment .243 .007 .001 .118 .000 -.347 .003 
Transportation hub  .464 .015 .006 .575 .011 .280 .004 
Storage  .726 .067 .010 .392 .023 .354 .025 
Workshop .789 .065 .092 1.516 .334 -.576 .064 
Garage .935 .004 .001 .760 .005 -.081 .000 
Agricultural and sideline .789 .087 .057 -.574 .064 1.053 .288 
Petrochemical  .707 .004 .013 2.284 .044 -.440 .002 
Vehicle .652 .103 .088 1.068 .265 .394 .048 
Construction site .589 .010 .012 1.266 .035 .049 .000 
Garbage .855 .041 .048 -.189 .003 1.720 .362 
Cause        
Arson .528 .027 .004 -.264 .004 .386 .012 
Electric .689 .310 .047 .060 .003 -.554 .284 
Production operation .794 .061 .134 1.953 .525 -.357 .023 
Careless with fire .817 .223 .072 -.720 .261 -.320 .068 
Smoking .784 .061 .042 -.345 .016 1.207 .264 
Playing with fire .745 .061 .031 -.567 .044 .843 .129 
Self-ignite .561 .024 .056 1.494 .122 .961 .067 
Unknown .562 .080 .006 .123 .003 .337 .027 
Others .697 .153 .026 .258 .023 .521 .124 
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4.5. Places and causes 
The analysis result for places is shown in Table 5. The first two dimensional axes with cumulative proportions of inertia 
reached 47.1% and 26.7% respectively. The CA map is shown in Fig. 3(b). The fire causes have very different places 
profiles. The contributions in Table 5 indicate that axis I is defined by careless with fire and production operation. 
Meanwhile, careless with fire and production operation are extreme in terms of their location on axis I. So axis can be 
defined as cause axis that separates careless with fire on the left from production operation on the right. In term of places, 
some information can be obtained. Agricultural and garbage have similar cause profiles; storage, transportation hub, vehicle, 
construction site and garage have similar cause profiles; workshop and petrochemical have the similar fire causes; and the 
personnel crowded places like school, dormitory, hotel, dwelling, hospital, entertainment, commercial space, office and 
restaurant have similar cause profiles.  
In Fig. 3(b), most of the personnel crowded places are closed to each other and these places are associated with the fire 
causes of careless with fire, playing with fire, smoking, arson, unknown, electrical fire and others. Because these places 
have high occupant density, many electrical equipment and larger fire load, once the fire occurs in these places it will cause 
heavy casualties and property losses. The workshop and the petrochemical are trend to be associated with production 
operation, self-ignite and electrical fire. In these places, many fires happened due to the violate compasses operation of the 
workers. Vehicle, storage, transportation hub, construction site and garage are trend to be associated with self-ignite and 
others. In Table 5, the vehicle has a secondary contribution, which should arouse our enough attention. Because in recent 
years, there has been a lot of traffic fires that caused heavy casualties. Especially in the summer, we should take active 
measures to prevent car self-ignite. Fires that occur in garbage, agricultural and sideline are mainly because of smoking, 
arson, careless with fire and playing with fire. And the phenomenon can be explained that a lot of garbage dump 
accumulates heat with a long time and when people play with fire or throw the cigarette butts accidentally into the garbage, 
the fire will be ignited. The school is close to the origin which indicates that its causes profile is close to average profile. In 
addition, another phenomenon should also merit out attention that the entertainment, hospital, commercial space and office 
is very close to electrical fire. These places are crowded places and with a high fire risk. More efforts should be paid on the 
electrical fire in these places. 
Table 6. The association between the influence factors and the fire causes 
Items Causes 
Factors Arson Electric Production operation Careless with fire Smoking Playing with fire Self-ignite Unknown Others
Provinces Ningxia, Qinghai,, Liaoning, Jilin, Neimenggu, Gansu, Xizang, Heilongjiang, Xinjiang, Yunnan, Tianjin, Shanxi2, Shandong and 
Jiangxi: unknown, smoking, playing with fire, arson and careless with fire; 
Guangdong, Fujian, Shanghai, Zhejiang, Chongqing, Sichuan, Shanxi, Anhui, Guangxi, Guizhou, Beijing, Hebei, Hunan, Jiangsu, 
Henan and Hainan: electrical fire, production operation, self-ignite and others; 
Months January and February: playing with fire, unknown, arson and careless with fire; 
June, July, August and September: self-ignite and production operation;  
March, April, May, October, November and December: arson, unknown, careless with fire, others and electrical fires. 
Hours 00~02, 02~04, 04~06, 20~22, 22~24: arson, unknown, others, electrical fire and self-ignite; 
06~08, 08~10, 10~12, 12~14, 14~16, 16~18, 18~20: playing with fire, smoking, careless with fire and production operation. 
Building types Underground: arson, unknown, production operation and self-ignite; 
High-rise: playing with fire, smoking, careless with fire and arson; 
Single-storey: arson, production operation, unknown,  careless with fire and playing with fire; 
Multi-storied: electrical fire, careless with fire, playing with fire, smoking and others. 
Places Workshop, petrochemical: production operation, and self-ignite; 
Storage, vehicle, transportation hub, construction site and garage: self-ignite, others and unknown; 
Garbage, agricultural and sideline: smoking, arson and playing with fire; 
School, dormitory, dwelling, hotel, , hospital, entertainment, commercial space and office: electrical fire, arson, others, smoking, 
playing with fire and unknown; 
Restaurant: careless with fire. 
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5. Conclusions 
By analyzing fire statistics of mainland of China from 2005 to 2010 (the results are shown in Table 6), useful guidance 
can be provided for the strategy development of fire protection. 
The main study focuses on the association between the nine fire causes and the five influence factors. CA was used to 
explore the association. The results show that the fire causes have some special distribution law under the influence of 
provinces, months, hours, building types and the places. The outcomes indicate that the electrical fire distribution is very 
wide. Most of the coastal provinces, nearly all the months and personnel crowded places are strongly trend to be associated 
with electrical fire. In addition, vehicle and garage fire merit consideration. To prevent occurrence of fire, fire measures 
should be implemented by considering different influence factors. 
This study has demonstrated that it is necessary to consider the influence factors when implement further fire protection. 
Correspondence analysis can uncover the relationships among categorical variables and generate outcomes for future 
research. In the present study, we reveal the deep relationship between fire causes and the influence factors. And we believe 
that CA is an underutilized technique and it can play a complementary role in analyzing fire data.  
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